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Systemic Hematologic Effects of PEG-rHuMGDF -Induced Megakaryocyte 

Hyperplasia in Mice 



By Thomas R. Ulich, Juan del Castillo, Giorgio Senaldi, Olaf Kinstler, Songmei Yin, Stephen Kaufman, John Tarpley, 

Esther Choi, Theresa Kirley, Pam Hunt, and William P. Sheridan 



PEG-rHuMGDF injected daily in normal mice causes a rapid 
dose-dependent increase in megakaryocytes and platelets. 
At the same time that platelet numbers are increased, the 
mean platelet volume <MPV) and platelet distribution width 
(PDW) can be either decreased, normal, or increased de- 
pending on the dose and time after administration. Thus, 
PEG-rHuMGDF at a low dose causes decreases in MPV and 
PDW, MGDF at an intermediate dose causes an initial in- 
crease followed by a decrease in MPV and PDW, and PEG- 
rHuMGDF at higher doses causes an increase in MPV and 
PDW followed by a gradual normalization of these platelet 
indices. In addition to the expected thrombocytosis after 7 
to 10 days of daily injection of high doses of PEG-rHuMGDF, 
a transient decrease in peripheral red blood cell numbers 
and hemoglobin is noted accompanied in the bone marrow 
by megakaryocyte hyperplasia, myeloid hyperplasia, ery- 

THROMBOPOIETIN (TPO) was identified in aplastic 
canine plasma as a growth factor for megakaryocytes. 1 
Dog, mouse, and human TPO cDNA clones were subse- 
quently isolated and the recombinant human TPO protein 
produced in mammalian cells has been shown to be biologi- 
cally active in mice. 2 TPO binds to c-Mpl affinity columns 
and the in vitro biological effects of TPO are inhibited by 
soluble c-Mpl. 2 The activity of the c-Mpl Iigand has been 
independently identified or cloned by several groups of in- 
vestigators 2 " 7 who have begun to document the in vitro 
and in vivo thrombopoietic effects of this novel protein. 
Megakaryocyte growth and development factor (PEG- 
rHuMGDF), a truncated pegylated molecule related to hu- 
man TPO, is likewise potent in vitro, in normal mice, and 
in experimental animal models. MGDF, even lacking pegyla- 
tion, has been shown to ameliorate the decrease in platelets 
caused by carboplatin or by a combination of carboplatin 
and radiation. 8 * 9 

The purpose of the present study is to report that: (1) 
Systemic administration of truncated pegylated human re- 
combinant Escherichia co/i-derived c-mpl ligand (PEG- 
rHuMGDF) causes the dose-response and time-dependent 
appearance of marrow megakaryocytes and circulating plate- 
lets in mice, (2) PEG-rHuMGDF causes increases and de- 
creases in mean platelet volume (MPV) and platelet distribu- 
tion width (PDW) depending on the dose and time after 
administration, (3) PEG-rHuMGDF administration at high 
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throid and lymphoid hypoplasia, and deposition of a fine 
network of reticulin fibers. Splenomegaly, an increase in 
splenic megakaryocytes, and extramedullary hematopoiesis 
accompany the hematologic changes in the peripheral blood 
and marrow to complete a spectrum of pathologic features 
similar to those reported in patients with myelofibrosis and 
megakaryocyte hyperplasia. However, all the PEG- 
rHuMGDF-inftiated hematopathology including the increase 
in marrow reticulin is completely and rapidly reversible upon 
the cessation of administration of PEG-rHuMGDF. Thus, 
transient hyperplastic proliferation of megakaryocytes does 
not cause Irreversible tissue injury. Furthermore, PEG- 
rHuMGDF completely ameliorates carboplatin-induced 
thrombocytopenia at a low-dose that does not cause the 
hematopathology associated with myelofibrosis. 
© 1996 by The American Society of Hematology. ,, 

doses is associated with development of a spectrum of patho- 
logic features widely reported in patients with myelofibrosis 
accompanied by increased numbers of marrow megakaryo- 
cytes (anemia, splenomegaly, extramedullary hematopoiesis, 
and marrow pathology including myeloid hyperplasia, ery- 
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Fig 1 . PEG-rHuMGDF injected once daily causes a statistically sig- 
nificant increase in the number of circulating platelets in a dose- 
response dependent fashion in = 30 mice in each dosage group at 
each time point; results expressed es mean ± STD). PEG-rHuMGDF 
at a low dose causes a uni phasic decrease in MPV, at an intermediate 
dose causes an Initial increase followed by a decrease In MPV, and 
at higher doses causes an increase In MPV followed by a gradual 
return to normal size. Injection of PEG-rHuMGDF for 10 days followed 
by cessation of treatment for 10 days results in a return of platelet 
number and MPV to control values (n « 5 mice in each dosage group). 

Blood, Vol 87, No 12 (June 15), 1996: pp 5006-5015 
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Fig 2. PEG-rHuMGDF injected once daily causes statistically sig- 
nificant changes in PDW that mirror those in MPV (n = 30 mice in 
each dosage group at each time point; results expressed as mean ± 
STD). PEG-rHuMGDF at 1 /ig/fcg causes a decrease in PDW, at 10 Mfl/ 
kg causes an initial increase followed by a decrease in PDW, and at 
500 fig/kg causes an increase in PDW followed by a gradual normal- 
ization. Injection of PEG-rHuMGDF for 10 days followed by cessation 
of treatment for 10 days results in a return of PDW to control values 
(n - 5 mice in each dosage group). 

ihroid and lymphoid hypoplasia, and deposition of a fine 
network of reticulin fibers), (4) PEG-rHuMGDF-initiated 
hematopathology including the increase in marrow reticulin 
is completely and rapidly reversible upon the cessation of 
administration of PEG-rHuMGDF, and (5) PEG-rHuMGDF 
abrogates carboplatin-induced thrombocytopenia at a low- 
dose that does not cause the hematopathology associated 
with myelofibrosis, 

MATERIALS AND METHODS 

Human recombinant MGDF (U to 2.1 mg/mL and <2.5 EU/mL 
by limulus lysate assay) was expressed in E. colt and derivitized with 
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Fig 4, PEG-rHuMGDF causes a statistically significant increase in 
marrow megakaryocytes per high-power field to near peak numbers 
at day 3 (n = 10 mice in each dosage group at each time point; 10 
separate 400 x high-power fields/femur examined and the results 
expressed as mean ± STD per one high-power field). Splenic mega- 
karyocytes do not increase until later. Injection of MGDF for 10 days 
followed by cessation of treatment for 10 days results in a continued 
decline of megakaryocyte numbers towards control values (n = 5 
mice in each dosage group). 



polycthylcneglycol. PEG-rHuMGDF was injected once daily intraper- 
itoneally (IP) in a carrier solution of 1% normal mouse serum dis- 
solved in sterile saline. Balb/c mice (n — 490) weighing approximately 
20 g and 8 weeks of age (Charles River Labs, Wilmington, MA) and 
with access to food and water ad libitum were used for all in vivo 
experiments. Peripheral blood was collected by tail bleeding mice 
held in a restraincr. Mice were tail bled by drawing 20 uL freely 
flowing whole blood directly into an Eppendorf pipette and immedi- 
ately inmsfering the blood into 10 mL of Cellpack diluent (TOA 




Fig 3. PEG-rHuMGDF-induced changes In MPV and PDW are demonstrated ultra structurally in transmission electron micrographs of circulat- 
ing platelets from mice treated with once daily injections of carrier (A), 1 M9/kg (B>, and 500 M9/kQ (C) of MGDF for 1 week. The platelets 
from mice treated with 1 /xg/kg are smaller (MPV = 5.74 ± 0.18) and more homogeneous (PDW - 5.40 ± 0.28) In size than those in the carrier 
group (MPV « 6.14 ± 0.11, P < .01, and PDW = 5.90 ± 0.12. P < .01). The platelets from mice treated with 500 ngfkg are larger (MPV » 7.08 
± 0.11, P < ,01 v carrier group) and more heterogeneous in size (PDW = 7.02 ± 0.19, P < .01 v carrier group). Platelet indices were measured 
in individual mice and the platelets from alt mice within each group (n = 5 mice per group) were pooled for electron microscopy (size bar 
represents 2 microns). 



5008 



ULICH ET AL 





Fig 5. PEG-rHuMGDF causes a striking hyperplasia of marrow 
megakaryocytes at 3 days after daily injection of 500 nQ/kg MGDF as 
compared with carrier control (von Willebrand factor immunostain, 
original magnification x 100). 



Fig 6. PEG-rHuMGDF causes an increase in the size of marrow 
megakaryocytes as compared with control (higher power of Fig 5, 
original magnification x 1,000). 
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Medical Election ics, Inc, Kobe. Japan). The blood and diluent were 
then inverted a few limes to obtain a homogeneous mixture before 
counting platelets and determining platelet indices with the Sysmex 
cell counter within less than 20 minutes. Red and white blood cell 
count, platelet count. MPV, and PDW were measured with the Sysmex 
cell counter (Toa Medical Electronics). Carboplatin at a dose of 125 
mg/kg was injected IP as a single injection on day 0 as previously 
described in a model of carboplatin-induced thrombocytopenia. 8 



Fig 7. PEG-rHuMGDF at high doses causes statistically significant 
splenomegaly (n = 10 mice in each dosage group at each time point; 
results expressed as mean ± 5TD). Injection of PEG-rHuMGDF for 10 
days followed by cessation of treatment for 10 days results in a 
reversal of splenic weight to control weights {n = 5 mice in each 
dosage group). 



Fig 8. PEG-rHuMGDF injected daily at 500 jxg/kg for 10 days causes extramedullar hematopoiesis. Splenic hematopoiesis is the cause of 
splenomegaly with prominent increases in splenic megakaryocytes and erythropoiesis (upper left panel: original magnification x 200; lower 
left panel, original magnification x 1,000). Hepatic erythropoiesis (solid arrows) and myelopoiesis (arrowhead) are present (upper right panel, 
original magnification x 1,000). Megakaryocytes are present in the lung (arrows) and megakaryocyte cytoplasm is seen in the lumen of alveolar 
capillaries (stars) (lower right panel, original magnification x 1,000). 

Fig 9. PEG-rHuMGDF after 10 days of daily injection at 500 /xg/kg causes not only megakaryocyte hyperplasia [original magnification x 
100, top panels), but also myeloid hyperplasia as evidenced by numerous neutrophils, erythroid hypoplasia, and lymphoid hypoplasia (original 
magnification x l f 000, lower panels). 
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Table 1. Marrow Differential on Day 10 
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Late normoblasts 
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Myeloid 


















Blasts 
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0.3 
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3.78 




0.40 


Promyelocytes 


2.23 
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5.65 


± 1.3 


2.56 
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Myelocytes 


8.39 




0.9 


13.62 


± 1.7 


8.53 




0.50 


Metamyelocytes 


4.01 




0.7 


7.34 


± 0.8 


3.71 




0.60 


Band cells 


3.74 




0.3 


6.46 


± 0.5 


4.04 




0.61 


Mature neutrophils 


20.70 




1.6 


31.32 


± 1.5 


24.88 




2.17 


Eosinophils 


2.52 




0.6 


3.77 


± 0.6 


2.95 




0.78 


Monocytes 


2.01 




0.2 


3.09 


± 0.6 


1.84 




0.59 


Histiocytes 


1.87 




0.6 


3.60 


± 0.5 


2.16 
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Lymphoid 


















Lymphocytes 


19.34 




1.2 


8.62 


± 2.0 


18.97 




3.07 


Plasma cells 


0.32 




0.2 


0.27 


± 0.1 


0.36 




0.15 



The number of nucleated cells per marrow smear that were counted 
to* obtain the marrow differentials is 1,098 ± 239 cells in control 
smears, 862 ± 281 cells in the 10 ^g/kg group, and 1,300 ± 342 cells 
in the 500 A*gAg group. 



Formalin-fixed paraffin-embedded tissues were stained by hematox- 
ylin and eosin, Masson's trichrome, or Gomori's reticulin methods. 
Platelet-rich fractions for electron microscopy (EM) were prepared 
from whole blood collected in a syringe prefilled with ACD (sodium 
citrate 0.085 mol/L, citric acid 0.079 mol/L, dextrose 0.180 mol/L) 
containing 8 ^mol/L PGE, . After gentle inversions of the syringe to 
ensure even mixing with anticoagulant, the blood was slowly dripped 
into a plastic tube containing 1 .5% glutaraldehyde in 0. 1 mol/L sodium 
cacodylate buffer, pH 7.4. After fixation for 2 hours, the platelet-rich 
fraction was obtained by centrifugation at 400g for 20 minutes. The 
platelets were then pelleted at 3,20O£ for 10 minutes, rinsed three 
times in 0.1 mol/L sodium cacodylate buffer, pH 7.4, postfixed in 
osmium tetroxide, and embedded in LR white resin (Ted Pell a, Read- 
ing, CA). Immunohistochemistry for the identification of megakaryo- 
cytes was performed with rabbit antihuman von Willebrand factor 
(Dako Corp, Carpenteria, CA) on 10% neutral buffered formalin-fixed, 
paraffin-embedded decalcified femurs sectioned longitudinally. The 
number of megakaryocytes in marrow and spleen per 10 randomly 
chosen 400 x magnification fields were counted using light microscopy 
by an observer blinded to the experimental groups. Statistics are ex- 
pressed as the mean ± 1 standard deviation, and significance was 
calculated by the Mest. 

RESULTS 

PEG-rHuMGDF injected once daily IP for 2 weeks to 
Balb/c mice causes a dose-dependent thrombocytosis (Fig 
1) with increases in circulating numbers of platelets noted at 
a dose as low as 1 /xg/kg. A maximum increase in circulating 
platelets is attained at doses of 50 to 500 ug/kg (Fig 1). 
PEG-rHuMGDF-induced changes in MPV are also dose- 
related, but are more complex than the changes in circulating 
numbers of platelets. Although platelet numbers are in- 
creased at all doses between 1 and 500 Mg/kg, the MPV can 



be either decreased, normal, or increased depending on the 
dose and time after administration (Fig 1). Thus, PEG- 
rHuMGDF at a low dose (1 /ig/kg) causes a decrease in 
MPV, PEG-rHuMGDF at an intermediate dose (10 Mg^g) 
causes an initial increase in MPV at day 3 followed by a 
decrease in MPV by day 7, and PEG-rHuMGDF at higher 
doses (50 to 500 ^g/kg) causes an increase in MPV at days 
3 to 7 followed by a gradual normalization of MPV by. 
day 14. Interestingly, a dose-response relationship for MPV 
persists at doses of 50, 100, and 500 /zg/kg even though 
platelet numbers did not increase significantly over the same 
dose range (Fig 1). Injection of PEG-rHuMGDF for 10 days 
followed by 10 days without treatment results in complete 
normalization of platelet numbers and MPVs to baseline 
levels. 

PEG-rHuMGDF-induced changes in PDW, a measure of 
platelet size heterogeneity, parallel changes in MPV (Fig 2). 
A low dose (1 //g/kg) of PEG-rHuMGDF thus results in a 
smaller very uniform platelet population, whereas a high 
dose (500 /zg/kg) of PEG-rHuMGDF results in a larger more 
heterogeneous population of platelets as compared with con- 
trols (Fig 2). PEG-rHuMGDF- induced increases and de- 
creases in both MPV and PDW are visually recognizable 
in transmission electron micrographs of circulating platelets 
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Fig 10. PEG-rHuMGDF causes a mild transient decrease in circu- 
lating numbers of red blood cells (P < .05 on day 7 at PEG-rHuMGDF 
doses of 50 to 500 /ig/kg as compared with carrier; P Is not significant 
at 10 #ig/kg, n * 15 mice In each dosage group at each time point) 
and a mild transient decrease in hemoglobin (P < .01 on day 7 at 
PEG-rHuMGDF doses of 50 to 500 pg/kg as compared with carrier; 
P Is not significant at 10 /xg/kg, n = 15 mice in each dosage group 
at each time point). The decreases reach a nadir around 1 week and 
then begin to normalize even as dally Injection of PEG-rHuMGDF 
continues. Injection of PEG-rHuMGDF for 10 days followed by cessa- 
tion of treatment for 10. days results In normalization of red blood 
cell number and hemoglobin (n = 5 mice in each dosage group). 
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Fig 1 1. PEG-rHuMGDF injected daify at 500 fig /kg causes focal depostion of reticulin fibers in the marrow after 10 days. Reticulin fibers within 
the marrow parenchyma are no longer identifiable 10 days after cessation of PEG-rHuMGDF administration, demonstrating the reversibility of 
reticulin deposition. The number of megakaryocytes in the marrow at the corresponding timepoints is demonstrated by staining of von 
Willebrand factor (original magnifications x 40). 



obtained on day 7 from mice treated with low and high doses 
of MGDF (Fig 3). 

PEG-rHuMGDF causes an increase in marrow megakary- 
ocytes with an increase to near peak numbers as early as 3 
days after daily injections (Fig 4). The increase in both num- 
ber and size of marrow megakaryocytes on day 3 is histologi- 
cally dramatically demonstrable (Figs 5 and 6). Because an 
increase in the size of megakaryocytes may increase the 
number of megakaryocytes visualized per section of marrow, 



the number of megakaryocytes per microscopic field is not 
necessarily directly proportional to the PEG-rHuMGDF- in- 
duced increase in the number of megakaryocytes per femur. 
In a second experiment designed to assess the appearance 
of megakaryocytes at 24 and 48 hours after daily injection 
of PEG-rHuMGDF, no significant increase in marrow mega- 
karyocytes was noted at 24 hours, but a significant increase 
in marrow megakaryocytes was noted at 48 hours (22 ± 
1 megakaryocytes/high-power field in controls, v 50 ± 3 
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Fig 12. The most severe focus of PEG-rHuMGDF-tnduced reticulin depostion observed in the marrows of five femurs from five mice examined 
after 10 days of daily injection of 500 fig/kq PEG-rHuMGDF is shown, as well as the lack of reticulin 10 days after the cessation of PEG- 
rHuMGDF injections (higher magnification of Fig 11, original magnification x 1,000). 
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megakaryocytes/high-power field in 100 figfkg PEG- 
rHuMGDF-treated mice, P < .0001). A dramatic increase 
in marrow megakaryocytes thus occurs at 48 hours and, 
as might be expected, precedes the increase in circulating 
platelets that begins on day 3. 

In contrast to marrow megakaryocytes, the number of 
splenic megakaryocytes is almost unchanged at day 3 and 
peaks at day 10 (Fig 4). The increase in splenic megakaryo- 
cytes on day 10 is accompanied by splenomegaly as mani- 
fested by splenic weight (Fig 7). Prominent extramedullary 
hematopoiesis, predominantly erythroid in lineage, also is 
noted in the spleen on day 10 (Fig 8) and contributes to the 
gross splenomegaly. Additional extramedullary hematopoie- 
sis of erythroid, myeloid, and megakaryocytic lineages is 
noted in die liver on day 10 (Fig 8). Megakaryocytes, usually 
not noted in normal lungs, can easily be detected histologi- 
cally in the alveolar capillary vasculature of the lung of PEG- 
rHuMGDF-treated mice (Fig 8). Splenomegaly (Fig 7) and 
extramedullary hematopoiesis are no longer evident 10 days 
after the cessation of 10 days of daily injection of PEG- 
rHuMGDF. PEG-rHuMGDF at 10 //g/kg does not affect 
circulating numbers of total leukocytes, neutrophils, or lym- 
phocytes at any time point. At the highest dose of 500 /xg/ 
kg of PEG-rHuMGDF, a transient mild leukocytosis with an 
increase in neutrophils and lymphocytes is noted at 3 to 5 
days after daily injection. Occasional circulating immature 
myeloid and erythroid cells are noted in peripheral blood 
smears of mice treated with 500 y,g/kg t somewhat reminis- 
cent of a leukoerythroblastic peripheral blood reaction. 

The bone marrow after 10 days of daily adnrinistration of a 
high dose of PEG-rHuMGDF (500 fxg/kg) is remarkable, not 
only for megakaryocyte hyperplasia, but also for statistically 
significant myeloid hyperplasia together with erythroid and 
lymphoid hypoplasia (Table 1 and Fig 9). The erythroid hypo- 
plasia in the marrow is accompanied by a mild decrease in 
circulating numbers of red blood cells and in. hemoglobin on 
day 7 (Fig 10). Despite continued injection of PEG-rHuMGDF, 
the hemoglobin normalizes by day 14, possibly as the result 
of compensatory extramedullary erythropoiesis in the spleen 
and liver. The transient alterations in red blood cell parameters 
are also, of course, no longer evident 10 days after the cessation 
of 10 days of daily injection of PEG-rHuMGDF (Fig 10). 

PEG-rHuMGDF at a high dose (500 /ig/kg) causes the 
focal depostion of reticulin fibers within the marrow at 10 
days after daily injection (Figs 11 and 12). A single high- 
power field shows the most severe reticulin depostion (Fig 
12). No evidence of collagen deposition as evaluated by 
trichrome staining was noted at any time point after any dose 
of PEG-rHuMGDF. Reticulin fibers are not identifiable 10 
days after the cessation of 10 days of daily injection of PEG- 
rHuMGDF (Figs 11 and 12). 

PEG-rHuMGDF at a dose of 10 fig/kg does not cause 
reticulin deposition or hematologic changes in the myeloid, 
erythroid or lymphoid lineages of the marrow (Table 1) and 
yet is effective at abrogating carboplatin-induced thrombocy- 
topenia (Fig 13). 

DISCUSSION 

PEG-rHuMGDF is a pegylated truncated E co//-derived 
molecule related to TPO. The in vivo hematologic effects 
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Day* after Injection 

Fig 13. PEG-rHuMGDF injected IP at a dose of 10 jig/kg beginning 
the day after a single IP injection of 125 mg/kg carboplatin effectively 
abrogates carboplatin-Indueed thrombocytopenia (n = 5 mice at each 
time point; results expressed as mean ± STD; P < .05 comparing 
platelet numbers on day 10 in carboplatin v carboplatin plus PEG- 
rHuMGDF groups). PEG-rHuMGDF at 10 ftgfkg day does not cause 
hematologic changes In lineages other than megakaryocytes and 
does not cause reticulin deposition In the marrow. 



of nonpegylated MGDF on platelets were previously de- 
scribed. 8 PEG-rHuMGDF is approximately 10-fold more po- 
tent than the same nonpegylated molecule as measured by 
its ability to increase circulating numbers of platelets in vivo 
in normal mice. 8 ' 9 PEG-rHuMGDF is also approximately 10- 
fold more potent than the corresponding nonpegylated form 
of the molecule 8 * 9 in accelerating platelet recovery in experi- 
mental animal models of thrombocytopenia. Pegylation of 
MGDF, similar to pegylation of other proteins, increases its 
circulating half-life, which is thought to account for in- 
creased biological activity in vivo. 

PEG-rHuMGDF injected daily in normal mice causes an 
initial increase in marrow megakaryocytes after 48 hours 
followed by an initial increase in circulating platelets after 
72 hours. The increase in circulating platelets is accompanied 
by predictable, but somewhat complex, dose- and time-de- 
pendent changes in the size and size heterogeneity of plate- 
lets. In a previous study of the in vivo effect of nonpegylated 
E c<?/i-derived MGDF on platelet number and MPV, 8 the 
MPV decreased in a simple dose-response fashion. In the 
present study using the more potent pegylated form, low 
doses also caused a uniphasic decrease in MPV. However, 
intermediate doses of pegylated MGDF caused an initial 
increase followed by a decrease in MPV, and high doses 
caused only an increase in MPV. The increases in circulating 
numbers of platelets caused by intermediate and high doses 
of the pegylated form are much greater than the increases 
caused by the nonpegylated form so that the previously re- 
ported and present results are biologically consistent. Acute 
stimulation of platelet production usually results in an in- 
crease in MPV. 10 " 12 

PEG-rHuMGDF-induced changes in MPV are paralled by 
changes in PDW, a measure of platelet size heterogeneity 
whose validity was also confirmed by ultrastructural mor- 
phologic assessment of the platelets. The cellular mechanism 
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that gives rise to the observed decreases and increases in 
MPV and PDW is unknown. One possible hypothesis is that 
PEG-rHuMGDF accelerates the formation of the intracellu- 
lar demarcation membranes within megakaryocytes. A mild 
stimulation of demarcation membrane formation by low 
doses of PEG-rHuMGDF might result in more, but smaller, 
platelets per megakaryocyte. Pharmacologically extremely 
high doses of PEG-rHuMGDF might result in discordant 
generation of megakaryocyte mass and demarcation mem- 
branes resulting in the shedding of larger fragments of mega- 
karyocyte cytoplasm consistent with the observed formation 
of megathrombocytes and "stress" platelets, as well as in- 
creased MPV and PDWl 

At suprapharmacologic doses of PEG-rHuMGDF, the hy- 
perplasia of megakaryocytes in the marrow becomes so ex- 
treme that erythroid and lymphoid hypoplasia occur. Similar 
marrow hypoplasia of the erythroid and lymphoid lineages 
has been previously described in rodents after daily adminis- 
tration of large doses of other growth factors. 13 " 15 The bone 
marrow erythroid hypoplasia is accompanied by the develop- 
ment of splenic and hepatic extramedullary rnyelopoiesis 
with prominent erythropoiesis. Extramedullary hematopoie- 
sis is also commonly observed in rodents following the ad- 
ministration of high doses of recombinant hematologic 
growth factors. The mechanism of myeloid marrow hyper- 
plasia in the face of erythroid hypoplasia is unknown. The 
presence within the pulmonary circulation of megakaryo- 
cytes whose substantial cytoplasm is distorted within the 
confines of the narrow alveolar capillary network is of inter- 
est in regards to the hypothesis that platelets are produced 
in the pulmonary circulation by a physical process. 16 

Deposition of reticulin fibers in the marrow was noted 
after injection of high doses of PEG-rHuMGDF, possibly 
related to a local increase in the concentration of platelet- 
associated mediators of extracellular matrix deposition such 
as PDGF. Of note is the complete and rapid reversibility of 
reticulin deposition after cessation of administration of PEG- 
rHuMGDF,, demonstrating that in addition to the respon- 
siveness of the marrow's hemopoietic cellular elements to 
growth factors, the structural support stroma of the marrow 
demonstrates surprising plasticity. In this regard, it is of 
interest to note that secondary myelofibrosis in cancer pa- 
tients has also been noted to be reversible. 17 

Patients with idiopathic myelofibrosis may present with 
many hematopathologic findings including anemia, in- 
creased numbers of marrow megakaryocytes, myeloid hyper- 
plasia, erythroid and lymphoid hypoplasia, deposition of 
marrow reticulin, splenomegaly, and extramedullary hema- 
topoiesis. 18 " 19 The extent of pathologic deposition of marrow 
connective tissue in idiopathic myelofibrosis varies from fo- 
cal increased reticulin deposition to diffuse collagen deposi- 
tion and osteosclerosis. Marrow collagen deposition and os- 
teosclerosis were not observed in the mice in the present 
study, although Yan et al 20 found osteosclerosis in mice that 
chronically and constitutively overexpress very high levels 
of circulating thrombopoietin as the result of retroviral 
thrombopoietin gene transfer using bone marrow cells to 
lethally irradiated mice. The constellation of pathologic fea- 
tures caused by suprapharmacologic doses of PEG- 



rHuMGDF supports the hypothesis of previous investiga- 
tors 21 24 that some of the clinical features of some cases 
of myelofibrosis and acute myelofibrosis may represent a 
paraneoplastic syndrome caused by a neoplastic proliferation 
of cells of megakaryocyte phenotype. Finally, PEG- 
rHuMGDF* s ability to ameliorate thrombocytopenia in 
experimental animal models at doses that do not cause unde- 
sirable hematologic effects supports the promise of PEG- 
rHuMGDF as a clinically valuable therapeutic. 
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